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Introduction
[bookmark: _Ref111129351] In this paper, we provide Ericsson’s views on UE features for the Rel-18 work item on expanded and improved NR positioning[1], specifically for the case of positioning for redcap UEs.
UE features for redcap positioning (41-5-x)

For positioning for redcap UEs,   the following issues remain:
· Restriction to UE supporting group 28-1 (RedCap UE’s base feature group)
· FFS on maximum number of hops in FG 45-5-2 and 45-5-2a
· Maximum Hop bandwidth for the SRS for positioning with tx hopping

For positioning with redcap UEs we have  concluded that the bandwidth per hop is 20MHz in FR1 and 100 MHz in FR2:
	Conclusion
For the positioning of redcap UEs, for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.




This is reflected in the agreement for the SRS for positioning configuration, for the applicable values of the c_srs: 

	Agreement
For SRS Tx hopping, the configuration parameters values are:
· For the hop bandwidth common to all hops
· Configuration re-uses C_SRS
· The values of C_SRS in legacy SRS for positioning such that the maximum bandwidth is: 104 PRBs, 48 PRBs, 132 PRBs, 64 PRBs, for 15,30,60,120 KHz respectively when B_SRS equal 0. 
· For the starting RB of the first hop in time domain:
· Configuration re-uses the IE freqDomainShift
· The range is {0,268} RBs
· For the single overlap common to all hops for the SRS resource
· The value can be 0,1,2,4 RBs
· Note: This is a new IE 
· For the starting slot offset and starting symbol for the SRS resource with tx hopping (first hop in time)
· The value range is {0,1,2…, nrof slot in periodicity} in slots for the slot offset
· Note: this is for the periodic [and semi-persistent] SRS
· Starting symbol: {0,1,2,…13} in symbol
· Starting slot reuses the SRS-PeriodicityAndOffset IE
· Starting symbol reuses the starting position startPosition in the IE resourceMapping
· The starting slot offset and symbol for each of the hops following the first hop in time, 
· FFS: The value range is {0,1,2…, nrof slot in periodicity} in slots for the slot offset
· Note: this is for the periodic [and semi-persistent] SRS
· Starting symbol: {0,1,2,…13} in symbol 
· this is a new IE
· The number of consecutive symbols in a hop common to all hops
· Values are 1,2,4,8 and 12 symbols
· Configuration re-uses the IE nrofsymbols in resourcemapping
· The number of hops 
· Values are 2,3,4,5,6 
· This is a new IE 





Such limitation is the only reason why FG 28-1 is discussed as a pre-requisite for redcap positioning, as it restrict the maximum operating bandwidth:
	28. NR_redcap
	28-1
	RedCap UE
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 MHz.



The support of 28-1 for redcap positioning is intended to limit the configurable bandwidth to 20MHz. Positioning for redcap UEs does not rely on redcap features. 

e-redcap UEs have been specified for rel18 and also feature a 20 MHz banwidth. These UEs should not be excluded from the redcap positioning ecosystem, since they do not lack any functional aspect that would be prerequisite for redcap positioning.
Rel18 e-RedCap also support 20MHz bandwidth but do not signal 28-1.
The current list of pre-requisites excludes e-RedCap UEs without need. 

We see the following way forward:
· Option 1: remove FG 28-1 from the pre-requisites, and instead add a note capturing the conclusion in the maximum FR1 and FR2 bandwidth
· Option 2: add 48-1 as an alternative pre-requisite, i.e. one of {28-1,48-1} is supported. 

[bookmark: _Toc158284535]For 41-5-1 pre-requisite, either:
· [bookmark: _Toc158284536]Option 1: remove FG 28-1 from the pre-requisites, and instead add a note capturing the conclusion on Rx hopping maximum hop banwidth for FR1 and FR2 (20Mhz, 100Mhz, resp.)
· [bookmark: _Toc158284537]Option 2: add 48-1 as an alternative pre-requisite, i.e. one of {28-1,48-1} is supported. 

[bookmark: _Toc158284538] For 41-5-1 the note  [FFS: whether this FG is applicable to non-Redcap UE] can be removed


For the SRS for positioning with Tx hopping, the UE feature currently does not limit the hop bandwidth to 20MHz in FR1 and 100MHz in FR2. Similar to the case of DL PRS, one solution is to add FG 28-1 and 48-1 as pre-requisites. Alternatively, the following part of the agreement above should be captured as a note for the UE capability signaling in order to capture the hop bandwidth limitation:
	·  For the hop bandwidth common to all hops
· The values of C_SRS in legacy SRS for positioning such that the maximum bandwidth is: 104 PRBs, 48 PRBs, 132 PRBs, 64 PRBs, for 15,30,60,120 KHz respectively when B_SRS equal 0. 




[bookmark: _Toc158284539]For 41-5-2 pre-requisite, either:
· [bookmark: _Toc158284540]Option 1: Add a note capturing the configuration limitations of c_SRS to the values such  that the maximum bandwidth is: 104 PRBs, 48 PRBs, 132 PRBs, 64 PRBs, for 15,30,60,120 KHz respectively when B_SRS equal 0.
· [bookmark: _Toc158284541]Option 2: add 48-1 as an alternative pre-requisite, i.e. one of {28-1,48-1} is supported. 

Finally, the FFS on number of hops should be removed in FG 41-5-2:
· Component 2 candidate values: {2,3,4,5,6,FFS}

[bookmark: _Toc158284542]For 41-5-2, the FFS on component 2 candidate values can be removed. 

An updated UE feature table is provided in annex. 
Conclusions
 
Based on the discussion in the previous sections we propose the following:

Proposal 1	For 41-5-1 pre-requisite, either:
	Option 1: remove FG 28-1 from the pre-requisites, and instead add a note capturing the conclusion on Rx hopping maximum hop banwidth for FR1 and FR2 (20Mhz, 100Mhz, resp.)
	Option 2: add 48-1 as an alternative pre-requisite, i.e. one of {28-1,48-1} is supported.
Proposal 2	For 41-5-1 the note  [FFS: whether this FG is applicable to non-Redcap UE] can be removed
Proposal 3	For 41-5-2 pre-requisite, either:
	Option 1: Add a note capturing the configuration limitations of c_SRS to the values such  that the maximum bandwidth is: 104 PRBs, 48 PRBs, 132 PRBs, 64 PRBs, for 15,30,60,120 KHz respectively when B_SRS equal 0.
	Option 2: add 48-1 as an alternative pre-requisite, i.e. one of {28-1,48-1} is supported.
Proposal 4	For 41-5-2, the FFS on component 2 candidate values can be removed.


[bookmark: _In-sequence_SDU_delivery]References
RP 223549, New WID on Expanded and Improved NR Positioning  
Annex: proposed UE feature group changes
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Draft prETS 300 ???: Month YYYY

	4/4	
	41. NR_pos_enh2
	41-5-1
	PRS measurement with Rx frequency hopping within a MG and measurement reporting RRC_CONNECTED for RedCap UEs
	1. Maximum DL PRS bandwidth across all hops
3. Maximum number of hops
4. Duration of DL PRS symbols N3 in units of ms a UE can process every T3 ms
[bookmark: OLE_LINK20]5. RF Rx retune times between consecutive hops
6. Overlapping PRB(s) between adjacent hops
	13-1, one of [{28-1,48-1]}
	Yes
	n/a
	PRS measurement with Rx frequency hopping within a MG and measurement report in RRC_CONNECTED for RedCap UEs is not supported
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values:
FR1: {40, 50, 80, 100}
FR2: {100, 200, 400}

Component 3 candidate values: {2,3,4,5,6}

Component 4 candidate values:
T3: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
N3: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

Component 5 candidate values:
FR1: {70us, 140us, 210us}
FR2: {35us, 70us, 140us}

Component 6 candidate values: {0, 1, 2, 4}

Note 1: The maximum DL PRS bandwidth per hop follows component 1 of FG 13-1

Note 2: DL PRS buffering capability follows component 2 of FG 13-1

[FFS: whether this FG is applicable to non-Redcap UE]
Note 3: For the positioning of redcap UEs, for the DL PRS reception the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.

Need for location server to know if the feature is supported.
	Optional with capability signalling

	41. NR_pos_enh2
	41-5-1a
	PRS measurement with Rx frequency hopping  in RRC_INACTIVE for RedCap UEs
	Support of PRS measurement with Rx frequency hopping  in RRC_INACTIVE for RedCap UEs
	41-5-1, 27-6
	Yes
	n/a
	PRS measurement with Rx frequency hopping  in RRC_INACTIVE for RedCap UEs is not supported
	Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.

	Optional with capability signalling

	41. NR_pos_enh2
	41-5-1b
	PRS measurement with Rx frequency hopping in RRC_IDLE for RedCap UEs 
	Support of PRS measurement with Rx frequency hopping in RRC_IDLE for RedCap UEs
	41-5-1
	Yes
	n/a
	PRS measurement with Rx frequency hopping in RRC_IDLE for RedCap UEs is not supported
	Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.

	Optional with capability signalling

	41. NR_pos_enh2
	41-5-2
	Support of positioning SRS with Tx frequency hopping in RRC_CONNECTED for RedCap UEs
	1. Maximum SRS bandwidth across all hops
2. Maximum number of hops 
3. RF Tx retuning time between consecutive hops
4. Switching time between active BWP and frequency hop
5. Overlapping PRB(s) between adjacent hops
6. Support of {0,1,2,4} overlapping PRB(s) between adjacent hops
	one of {28-1,48-1},13-8
	Yes
	n/a
	Positioning SRS with Tx hopping in RRC_CONNECTED is not supported
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values:
FR1: {40, 50, 80, 100}
FR2: {100, 200, 400}

Component 2 candidate values: {2,3,4,5,6, FFS} 

Component 3 candidate values:
FR1: {70us, 140us, 210us}
FR2: {35us, 70us, 140us}

Component 4 candidate values:
{100us, 140us, 200us, 300us, 500us}

Note: No additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops
Note: For the positioning of redcap UEs, for UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2. The values of C_SRS in legacy SRS for positioning such that the maximum bandwidth is: 104 PRBs, 48 PRBs, 132 PRBs, 64 PRBs, for 15,30,60,120 KHz respectively when B_SRS equal 0.

Need for location server to know if the feature is supported
	Optional with capability signalling

	41. NR_pos_enh2
	41-5-2a
	Support of positioning SRS with Tx frequency hopping in RRC_INACTIVE for RedCap UEs
	1. Maximum SRS bandwidth across all hops
2. Maximum number of hops 
3. RF Tx retuning time between consecutive hops
4. Switching time between active BWP and frequency hop
5. Overlapping PRB(s) between adjacent hops
6. Support of {0,1,2,4} overlapping PRB(s) between adjacent hops
	27-15b, one of {28-1,48-1}
	Yes
	n/a
	Positioning SRS with Tx hopping in RRC_INACTIVE is not supported
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values:
FR1: {40, 50, 80, 100}
FR2: {100, 200, 400}

Component 2 candidate values: {2,3,4,5,6, FFS} 

Component 3 candidate values:
FR1: {70us, 140us, 210us}
FR2: {35us, 70us, 140us}

Component 4 candidate values:
{100us, 140us, 200us, 300us, 500us}

Note: No additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops
Note: For the positioning of redcap UEs, for UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2. The values of C_SRS in legacy SRS for positioning such that the maximum bandwidth is: 104 PRBs, 48 PRBs, 132 PRBs, 64 PRBs, for 15,30,60,120 KHz respectively when B_SRS equal 0.

Need for location server to know if the feature is supported
	Optional with capability signalling

	41. NR_pos_enh2
	41-5-X
	UL Time Window and transmission of SRS for positioning with Tx Frequency hopping within the window  
	Support of UL Time Window and transmission of SRS for positioning with Tx Frequency hopping within the window  
	41-5-2
	No
	N.A.
	UE does not support the UL time window for SRS for positioning with Tx frequency hopping
	Per band

	N.A.
	N.A.
	N.A.
	
	Optional with capability signaling



